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A  PRICE  AND  YIELD  ENVIRONMENTAL  SIMULATOR 
,  BASED  ON  HISTORICAL  DATA 

" —  by  Virden  L.  Harrison  and  W.  H.  M.  Morris  * 

In  studies  of  farm  and  non-farm  firms  involving  more  than  one 

year  in  the  analysis,  the  problem  of  obtaining  an  appropriate  series 

of  prices  and  yields  for  all  enterprises  is  acute.  This  paper  describes 

(1)  a  method  of  establishing  a  price,  yield,  and  cost  environment 
* 

for  projecting  into  the  future  the  historical  relation  among  as  many 
crop  and  livestock  enterprises  as  are  dasired  and  (2)  a  formula  by 
which  a  second  set  of  price,  yield,  and  cost  data  may  be  obtained 
which  deviates  from  the  first  set  with  a  specified  statistical  precision. 
‘THE  ENVIRONMENTAL  SIMULATOR 


The  general  concept  is  to  develop  a  means  of  obtaining  data,  for 
as  many  years  in  the  future  as  desired,  such  that  (1)  all  cycles, 
market  fluctuations,  technology  trends,  and  other  time  phenomena  which 
appeared  in  the  prices  and  yields  in  recent  history,  will  still  appear 
in  the  data,  (2)  the  prices,  yields,  and  costs  among  all  crop  and 
livestock  enterprises  chosen  will  remain  in  the  actual  historical 
relation  one  to  another  year  after  year,  and  (3)  the  data  are  in  a 
form  in  which  individual  values  may  be  changed  to  reflect  current  or 
expected  conditions  and  trends  in  any  or  all  of  the  enterprises. 

Data  meeting  the  above  criteria  are  useful  in  almost  all  dynamic 

studies  of  farm  management,  including  studies  of  enterprise  choice 

> 

over  time,  studies  of  growth  stratsgj.es  and  their  effect  as  enterprise 
conditions  change  over  time,  or  in  any  study  in  which  the  decision 
process  requires  a  change  in  enterprise  combinations  as  a  result  of 
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a  change  in  the  expected  relative  profitability  oi:  each. 

I  '  * 

The  basic  approach  is  as  follows:  Theoretically,  if  the  time 

trend  (if  any)  is  taken  out  of  data  which  cover .the  length  of  one 

complete  price  cycle,  then  the  value  in  the  first  year  of  the  cycle 

should  be  identical  to  the  value  the  year  after  the  end  of  the  cycle, 

« 

regardless  of  the  stage  of  the  cycle  at  its  beginning  (i.e.  if  the  beef 
cattle  cycle  is  11  years  long  and  the  time  trend  removed,  the  value 
in  year  1  is  the  same  as  the  valu^  in  year  12;  the  value  in  year  2 
is  the  same  as  in  year  13;  etc.).  Thus  the  data  for  an  enterprise 
can  be  extended  beyond  the  latest  year.  Since  the  price  cycle  for 
beef  cattle  (about  11  years)  may  include  about  3  hog  cycles  (about 
3-4  years  each) ,  the  length  of  the  beef  cycle  may  be  chosen  as  a 
base  period  for  all  enterprises.  The  procedure,  then,  is  to  consider  all 
enterprises  during  the  base  period,  isolate  from  the  data  the  individual 
time  trend  appropriate  to  each  enterprise,  extend  the  data  for  as  • 
many  years  as  desired  in  the  manner  described  above,  and  put  the 
time  trend  for  each  enterprise  back  in  the  total  data  set.  The 
resulting  values  will  meet  the  three  criteria  stated  above:  The  value 
in  a  given  year  for  one  enterprise  keeps  its  historical  relationship 
to  the  value  in  the  same  year  fee  all 'other  enterprises;  all  cycles, 
trends,  and  natural  fluctuations  remain  intact  as  occured  in  the 
base  period  for  all  enterprises;  and  the  values  are  in  a  form  which 
can  be  changed  as  desired  by  the  researchers. 
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After  this  brief  explanation  let  us  turn  to  a  somewhat  more 
detailed  explanation  of  the  procedure  involved.  In  general ,  farm  costs 
(except  feed  grains  and  animal  replacement  costs)  a^e  not  expected 
to  change  cyclically,  but  in  a  relatively  constant • trend  over  time. 

Crop  yields  are  not  associated  with  a  cyclical  behavior,  but  fluctuate 
due  to  weather  conditions  and  have  increased  in  a  relatively  constant 

4 

fashion  over  the  last  15-20  years  due  to  technology.  A  slight  cyclic 
trend  may  be  noticed  in  some  crop  prices,  but  this  is  probably  due 
largely  to  the  corresponding  cyclic  tluctuations  in  livestock  prices 
and  the  resulting  change  in  demand  tor  feed. 

However,  in  livestock  prices,  notably  hogs  and  beef  cattle,  strong 
cyclic  tendencies  are  readily  apparent.  Furthermore,  over  relatively 
short  periods  of  time  (say  20  years')  the  length  and  amplitude  of  these 

r  \ 

cycles  are  fairly  constant.  Since  cycles  do  exist  in  livestock  it  is 
necessary  to  choose  a  base  period  of  at  least  the  length  of  one  cycle  of 
the  enterprise  which  has  the  longest  cycle. 

Suppose  several  years  of  future  price  and  yield  data  are  desired 
for  enterprises  such  as  corn,  soybeans,  wheat,  hogs,  sows,  steers,  and 
heifers.  The  approach  under  this  procedure  would  be  as  follows: 

(1)  Obtain  historical  data  on  prices  and  yields  for  these 
enterprises  appropriate  to  the  loc«v?on  of  interest.  Yields  may  be 

localized  as  much  as  desired  (at  least  to  crop  reporting  districts) 

*  *  •* 

t 

and  adjusted  to  reflect  desired  assumptions  regarding  cropping  practices 
and  abilities  of  managers. 


The  price  series  chosen  should  reflect  the  appropriate  month  or 
months ''of~possible  sale  of  the  product  and  the  market  to  be  used. 

"  (2)  Plot  the  livestock  price  data  to  determine/  the  length  of 

the  price  cycles  for  the  various  livestock  enterprises. 

(3)  Choose  a  base  period  equal  to  the  length  of  one  or  more 
complete  cycles  for  beef  cattle  (since  beef  has  the  longest  cycle) . 

It  is  also  important  that  one  ur  more  whole  cycles  associated  with  other 
livestock  enterprises  "fit"  quite  closely  within  the  base  period,  since 
when  the  time  trend  is  removed  for  each  data  set  it  is  important  that  the 
deflated  ends  meet.  The  base  period  chosen  should  normally  end  with  the 
last  complete  year  of  available  data  since  the  most  recent  data  are 
usually  regarded  as  the  best  estimate  of  future  data.  The  stage  of  the 
cycle  at  the  beginning  of  the  base  period  is  largely  irrelevant  if  the 
cycle  is  in  the  same  stage  at  the  end  of  the  base  period. 

(4)  Determine  the  time  trend  (if  any)  in  prices,  yields  and  other 

i 

costs  associated  with  each  enterprise  for  the  length  of  the  base  period. 
This  may  be  accomplished  by  simple  regression  with  time  or  by  plotting 
the  data  and  visually  estimating  the  trend.  The  time  trend  should  be 
expressed  in  units  of  change  per  year  (i.e.  corn  yield  time  trend  may 
be  2.4  bushels  increase  per  year). 

(5)  Project  the  data  beyond  the  base  period  as  follows:  If  there 
are  N  years  in  the  base  period  numbered  1  through  N,  the  value  in  the 

i 

first  year  following  the  base  period  :.s  equal  to  the  value  in  year  1 
plus  N  times  the  trend  per  year;  the  value  in  the  second  year  following 
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the  base  period  is  equal  to  the  value  in  year  2  plus  N  times  the  trend 

i 

per  year;  etc.  In  more  concise  notation,  let  ‘ 

.  N  =  number  of  year§  in  the  base  period, 

Y(I,J)  =  yield  of  enterprise  I  in  year  J, 

P(I,J)  =  price  of  enterprise  I  in  year  J,  and 

TREND(I)  =  time  trend  over  the  base  period  for  enterprise  I. 

4  * 

Then  Y*(I,J+N)  =  Y  (I,J)  +  N  x  TRENT (I ) 
and  P* (I , J+N)  =  P  (I,J)  +  N  x  TREND (I) 

Where  Y*  and  P*  are  the  new  yield  a^.d  price  values  sought. 

In  effect,  this  step  removes  the  time  trend  from  the  data,  extends  the 
data,  and  then  replaces  the  time  trend  in  the  whole  data  set  for  each 
enterprise  (it  is  not  necessary  to  physically  remove  the  time  trend  and 
replace  it,  but  the  effect  of  doing  so  is  still  there.) 

Several  assumptions  are  implicit  in  this  approach  to  extending 
data  for  several  enterprises.  It  assumes  that  relations  among  enterprises 
that  held  true  during  the  base  period  will  be  similar  in  the  future.  * 

It  assumes  that  weather  and  other  external  and  internal  forces 
affecting  yields  will  duplicate  themselves  exactly  in  the  projected  data. 
It  assumes  that  the  time  trend  occurring  during  the  base  period  will 
continue  beyond  the  base  period.  In  effect,  it  assumes  that  the  con¬ 
ditions  affecting  the  chosen  enterprises  during  the  base  period  will 
continue.  Adjustments  may  have  to  be  made  on  an  individual  enterprise 
basis  to  reduce  the  severity  of  these  assumptions.  Suppose  that  for  a 
given  enterprise,  conditions  in  the  economy  become  such  that  its  price 
and/or  yield  relationship  to  other  rerprises  changes  or  is  expected 
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.  to  change.  As  soon  as  this  change  in  structure  is  foreseen  or  observed 
it  can  be  explicitely  incorporated  into  the  data. 

The  approach  described  is  adaptable  for  the  computer  to  minimize 

I 

the  manual  work  required.  After  the  data  are  collected  and  base 
period  chosen  all  other  steps  may  be  accomplished  by  the  computer. 

If  none  of  the  enterprises  to  be  considered  have  price  cycles,  the 

4  1 

described  approach  would  be  simplified  in  that  the  base  period  could 
be  of  any  reasonable  length. 


ESTABLISHING  PRICES  AND  YIELDS  FOR  PLANNING  PURPOSES 

The  price  and  yield  environmental  simulator  just  discussed  provides 

data  for  the  levels  of  product  prices  and  yields  which  could  be  used  to 

determine  the  outcome  of  a  farm  over  time.  It  may  be  useful  to  obtain 

another  set  of  data  for  use  by  the  researcher  in  planning  and  decision- 

* 

making  studies  over  time. 

*  5 

In  conditions  of  imperfect  knowledge,  decisions  are  made  based 

on  expected  or  predicted  levels  of  prices  and  yields,  since  from  the 

values  are  unknown.  Thus,  in  certain  cases, 

farmer's  standpoint,  the  ac tfu ^L^Va^u esC ^ncf  a  set  of  predicted  values 
are  needed.  Let  us  refer  to  the  set  of  values  to  be  used  in  determining 
the  actual  outcome  of  a  firm  over  time  as  "actual"  values  and  refer 
to  another  set  of  values  to  be  used  in  planning  and  decisionmaking 
for  the  firm  over  time  as  "predicted"  values. 

Researchers  may  desire  to  test  the  effect  of  various  levels  of 
success  in  estimating  prices  and  yields  since,  in  a  sense,  success 
in  forcasting  future  prices  and  yields  measures  the  managerial  ability 
of  an  entrepreneur.  Various  levels  of  success  in  predicting  prices 
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and  yields  may  be  compared  over  time  as  to  their  effect  on  growth  of  the 
firm  or  on  some  other  measure  of  wellbeing  of  the  firm. 

values  which 

could  be  used  for  determining  predicted  values  or  values  for  planning 

/ 

purposes  of  a  simulated  firm  which  have  the  following  properties: 

For  each  actual  value  a  predicted  value  may  be  obtained  which  lies 
within  a  given  distance  (specified  by  the  researcher)  from  the  actual 
value  with  a  given  statistical  probability  (also  specified  by  the 
researcher).  That  is,  a  formula  is  derived  below  which  allows  the  ob¬ 
taining  of  a  predicted  value  for  each  actual  value  such  that  the 
predicted  value  lies  within,  for  instance,  5%  of  the  actual  value, 
for  instance,  90%  of  the  time.  The  formula  will  be  such  that  a  simple 

multiplication  and  addition  Is  conducted  in  obtaining  the  predicted 
' 

values  desired.  ✓ 

Equipment  needed  for  this  venture  includes  the  following: 

(1)  a  set  of  actual  values  for  which  corresponding  predicted 
values  are  desired, 

(2)  a  decision  as  to  the  desired  distance  from  the  actual  value 
that  the  predicted  value  is  to  lie  (i.e.-+  5%  of  the  actual  value), 

(3)  a  decision  as  to  the  desired  probability  of  (2)  above  (i.e. 

90%), 

(4)  a  U  3  value  (or  t-distribution  value  with  infinite  degrees 
of  freedom  since  U  =  t°°)  for  each  probability  level  desired  (i.e.  for 
probability  of  90%,  U  =  1.6449), 


We  have  developed  below  a  means  of 


establishing 


4. 


(5)  a  population  of  random  normal  numbers^  with  known  mean  and 

standard  deviation,  or  access  to  a  computer  which  can  generate  the  same. 

-» ' 

The  formula  for  the  general,  all-inclusive  case,  where  the  distance 
from  the  actual  value  may  be  any  specified  distance  (D)  with  any  desired 
probability  (U)  and  where  the  population  of  random  normal  numbers  used 
may  have  any  known  mean  (Yr)  and  standard  deviation (or) ,  is  as  follows: 

Ye  =  Ya  [Yr  -D/(U*ar)  +  1  -  (Yr;D/(U-ar))  ] 
where  Ye  is  the  predicted  value  sought, 

Ya  is  the  actual  value  known  apriori, 

Yr  represents  an  individual  observation  drawn  from  the  random 
normal  population, 

D  is  the  desired  deviation  from  the  actual  value  and  must  be 
expressed  as  a  decimal  deviation  from  Ya  (i.e.  .05),  and 

r* 

Yr  and  ar  are  the  mean  and  standard  deviation  of  the  random 
normal  papulation,  respectively. 

The  following  formula  is  for  the  particular  case  where  Ye  is  desired 
to  be  within  -  . 05  Ya  with  a  90%  probability  and  where  a  population  of 
random  normal  numbers  (such  as  found  in  Li)  with  mean  50  and  standard 
deviation  of  10  is  used: 

Ye  =  Ya[Yr(. 05)/ (1.6449-10)  +  1  -(50 ( . 05) / (1. 6449 • 10) ) ] 

* 

=  Ya(.00304Yr  +  .848) 

»  * 

Suppose  that  a  predicted  value  is  desired,  meeting  the  above 
criteria,  for  an  actual  value  for  hogs  sold  in  November  1971  at 


* 


$20.37  per  cwt.  Suppose  further  that  the  number  drawn  randomly  from 
the  table  of  random  normal  numbers  is  58.  Applying  the  above  formula, 
Ye  =  $20.37  [.00304(58)+. 848]  I 

=  $20.37  (1.02432)  / 

«=  $20.87 

Before  the  general  formula  is  derived,  additional  examples  of  the 
application  of  the  general  formula  to  specific  cases  may  be  appropriate 
Suppose  it  is  desired  to  obtain  predicted  values  which  are  within 
25%  of  actual  values  with  80%  probability,  and  suppose  the  population 
of  random  normal  numbers  with  mean  >3  and  standard  deviation  of  10  is 
used.  In  this  case,  U  =  1.2825.  Applying  the  general  formula, 

Ye=  Ya[Yr(.25)/(l. 2825-10)  +  1  - (50 ( . 25) / (1 . 2825 • 10) ) ] 

*  • 

=  Ya(.01949Yr  +  .0253) 

Suppose  it  is  desired  to  obtain  predicted  values  which  are  within 
25%  of  the  actual  values  with  80%  probability,  as  above,  but  with  use 
of  a  population  of  random  normal  numbers  of  mean  zero  and  standard 
deviation  of  one.  Applying  the  general  formula, 

Ye  =  Ya[Yr(.25)/(l. 2825-1)  +  1  -  (0( . 25) / (1 . 2825 - 1) ) ] 

=  Ya[.1949Yr  +  1] . 

The  deriviation  of  the  above  general  formula  is  as  follows: 

The' equation  for  a  confidence  inter ;al  about  a  value  Ya  is  Ye  = 

Ya  +  Ua  where  U  is  defined  above  and  a  is  the  standard  deviation  of 
Ye.  The  criteria  desired  is  that  Ye  should  lie  the  distance  D-Ya 
from  Ya  except  for  a  probability  associated  with  U.  Therefore,  the 
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interval  Ua  must  equal  D*Ya  to  fulfill  this  criteria;  or  o  =  D‘Ya/U. 

^  *  ’  I 

Now,  if  a  population  of  random  normal  numbers  with  mean  equal  to  Ya 
and  standard  deviation  equal  to  D*Ya/U  could  be  foui^d,  each  observa¬ 
tion  from  it  would  give  a  Ye  value  meeting  the  above  criteria.  A 
population  of  this  mean  and  standard  deviation  can  be  obtained  from  a 
population  of  random  normal  numbers  with  known  mean  (Yr)  and  standard 
deviation  (ar)  by  applying  two  rules'*  :  (1)  If  a  fixed  amount  is  added 
to  or  Subtracted  from  each  of  the  observations  in  a  population,  the 
mean  will  be  increased  or  decreased  by  that  amount,  but  the  variance 

I 

qnd . standard  deviation  are  not  affected.  (2)  If  each  of  the  observations 

in  a  population  is  multiplied  by  a  fixed  quanity  M,  the  new  mean  is 

» 

M  times  the  old  mean  and  the  new  standard  deviation  is  M  times  the  old 
standard  deviation. 

i  \ 
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If  each  observation  in  the  population  is  multiplied  by  the  quantity 

f 

D-Ya/(U;°r)  the  standard  deviation  would  be  changed  to  the  desired 
value  D*Ya/U,  but  the  mean  would  be  changed  also  to  the  value 

Yr *D*Ya/ (U * ar) .  To  obtain  the  desired  mean  of  Ya,  the  quantity 
[1  -  (Yr  *D/(U  *ar)U_*^a  must  be  added  to  each  observation.  This  step 
does  not  alter  the  standard  deviation.  In  mathematical  terms,  the 
operation  performed  above  is  described  in  the  following  equation: 

Ye  =  Yr  [D-Ya/CU-O^O  l  +  [ l-(Yr  -D/ (U-or) )]  Ya 

or  by  factoring  out  Ya  in  both  right  side  terms 

* 

Ye  =  Ya  tYr-D/(U.or)  +  1  -  (Yr-D/(U'or))] 

Vhich  is  the  general  formula  sought.  Once  this  formula  is  known,  it 

is  not  necessary  to  physically,  al ter  the  entire  population  of  random 


•* 

normal  numbers  by  performing  the  multiplication  and  addition  steps. 

The  formula  is  to  be’  applied  only  to  individual  observations  drawn  from 
this  population  in  obtaining  each  desired  predicted  value. from  the  known 
actual  values. 

I  As  shown  above,  the  general  formula  quickly  becomes  a  simple 
equation  for  calculating  purposes  after  a  population  of  random  normal 
numbers  has  been  selected,  a  deviation  from  the  actual  values  chosen, 

i  '  . 

and  a  probability  attached. 

•  « 

A  further  statement  as  to  the  use  of  this  concept  is  appro¬ 
priate.  A  simple  formula  such  as  the  one  given  here  may  find  use  in 
any  engineering  study  in  which  a  set  of  values  is  desired  to  approxi¬ 
mate  or  deviate  a  given  distance  from  another  set  of  values  with  a 
controlled  statistical  precision.  This  concept  has  great  potential 

i 

use  in  studies  involving  prices  and  yields  when  it  is  desired  to 
establish  predictions  based  on  the  actual  values  but  deviating  from 
them  in  a  known  and  controlled  fashion. 

In  the  use  of  the  formula  described  above,  there  are  no  restrictions 
on  the  level  or  the  variability  of  the  actual  values  for  which  predicted 
values  are  desired.  Their  range  may  be  -°°_<  YaH00* 

It  may  be  useful  to  simulate  pessimism  or  optimism  in  the  obtaining 
of  predicted  values  by  forcing  the  Ye  values  to  be  less  than  (in  the 
pessimistic  case)  or  more  than  (in  the  optimistic  case)  the  Ya  values. 
This  may  be  done  simply  by  discarding  numbers  drawn  from  the  random 
normal  population  which  are  less  (greater)  than  the  mean  of  the  random 
normal  population. 
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Again,  this  procedure  for  obtaining  a  set  of  predicted  values 

I  ^ 

may  be  computerized  to  reduce  manpower  involved  if  any  extremely  long 
'list  of  predicted  values  is  desired.  j 
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Footnotes 
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I  • 

*  Harrison  is  Agricultural  Economist,  FPED,Eiyi  ,USDA  stationed 
at  Washington,  D.C.  Morris  is  Professor  of  Agricultural  Economics, 
Purdue  University. 

1.  The  concepts  described  here  were  developed  for  and  used  in  a 
farm  firm  growth  study  as  reported  in  [I]*  The  study  was  a  joint 
effort  by  USDA  and  Purdue  University. 

2.  By  time  trend  is  meant  the  change  in  the  data  regressed  with 
time.  Removing  this  trend  will  not  alter  the  cyclic  pattern  or  any 
other  fluctuations  in  the  data. 

•  3.  The  statistic  U  follows  the  normal  distribution  with  mean 

equal  to  zero  and  variance  equal  to  one.  For  a  table  of  U  values  see 
[2,  p.  599].  ' 

4.  For  a  population  of  5000  random  normal  numbers  with  mean  50 
and  standard  deviation  of  10,  see[2,  Appendix  Table  1]. 

5.  See  [2,  pp.  9-10],  theorums  2.4A  and  2.4B. 
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